Gastric cancer is a disease of complex etiology involving multiple risk factors including dietary, infectious, occupational, genetic, and preneoplastic factors, and remains one of the major health burden in Japan. Gastric carcinogenesis may be attributed in part to reactive oxygen species, which has been shown to participate in the multistage carcinogenesis from initiation to malignant conversion by causing oxidative DNA damage and mutations in proto-oncogenes and tumor suppressor genes, and by activating signal transduction pathways. 1 In response to oxidative stress, the body has formed an elaborate antioxidant system to detoxificate reactive oxygen species. In this antioxidant system, manganese superoxide dismutase (MnSOD) is the major antioxidant that converts superoxide radical to hydrogen peroxide and molecular oxygen within mitochondrial matrix. Previous studies on MnSOD expression in cancer were mainly based on the small number of tumor tissues or cell lines, and the findings have been conflicting. [2] [3] [4] Few studies, however, have examined serum MnSOD levels in a large number of patients with gastric cancer and apparently healthy persons.
We sought to evaluate the potential relationship between serum MnSOD levels and the risk of gastric cancer in a case-control study.
Case subjects were patients who were newly diagnosed with primary gastric cancer at one of nine hospitals in the Tokyo Metropolitan Area between 1993 and 1995. Patients were includ-and then incorporated this data into the logistic model as a single variable. All analyses were conducted using SAS ® release 6.12 (SAS institute, Inc., Cary, NC).
The study was approved by the Ethics Board of Aichi Medical University School of Medicine.
The mean age standard deviation was 53.5 10.5 years in cases, and 53. 6 10.5 years in controls ( Table 1 ). The range of serum MnSOD levels was 0-1013.5 ng/mL among case subjects and 0-442.5 ng/mL among control subjects. The mean( standard deviation) of serum MnSOD levels was 177. 4 87.3 ng/mL in case subjects, as compared with 169. 4 56.7 ng/mL among control subjects. Cases subjects had a statistically marginal increase in serum MnSOD levels than control subjects (p=0.09). Ninety-four percent of case subjects and 62% of control subjects had H. pylori infection (Table 1) .
Cases had a higher proportion of atrophy of gastric mucosa, but the mean of serum MnSOD levels did not differ significantly among controls with or without atrophy of gastric mucosa. Among control subjects, the mean of serum MnSOD levels was significantly higher in men (176 56.5 ng/mL) than in women (159.0 55.2 ng/mL, p=0.002). This result was also observed for each age group ( Table 2 ). The mean of serum MnSOD levels did not differ significantly between those with H. pylori infection (174.3 5.02 ng/ml) and those without H. pylori infection (166.9 60.4 ng/mL). Table 3 presents ORs for gastric cancer according to serum MnSOD levels. After adjustment for pack-years of smoking and H. pylori infection, the OR for subjects in the highest quartile versus the lowest quartile was 1.54 (95% CI; 0.79-3.01). Table 4 shows mean values of MnSOD in gastric cancer patients according to clinicopathological findings. Overall, there were no statistically significant differences between the two groups categorized by variables such as disease stage, histological type lymph invasion, lymph node metastasis, liver metastasis, and distant metastasis. We also examined serum MnSOD levels according to site classification, and found no significant differences among the upper, middle, and lower third part (data not shown).
Very few studies have examined the role of serum MnSOD levels in the etiology of gastric cancer. Only one earlier study measured serum MnSOD levels in a small number of patients with gastric cancer. 6 In that study, patients with gastric cancer had relatively higher levels of MnSOD than healthy individuals. Our study, which was based on a relatively large number, showed a statistically marginal increase in serum MnSOD levels among gastric cancer patients compared with matched controls. The mean of serum MnSOD levels among our controls, however, was higher ed into our study if they were 20-69 years of age and did not undergo surgical treatment for gastric cancer. An endoscopy was performed on all eligible cases and the diagnosis was confirmed by an examination of the resection or biopsy specimen. Data on pathological findings, including the type and stage of the cancer, were recorded for each case. Gastric cancer was further categorized into early and advanced cancer, as well as intestinal and diffuse type, based on the criteria proposed by the Japanese Research Society for Gastric Cancer. 5 Control subjects were recruited from apparently healthy persons who underwent medical checkups at a health promotion center in the same area. Written informed consent was obtained form each of the study participants before he or she provided a blood sample. Besides, both case and control subjects were asked to fill out a questionnaire regarding smoking and drinking habits. Information on smoking included smoking status (nonsmoker, ex-smoker, or current smoker), the number of cigarettes smoked per day, and years of smoking. Between 1993 and 1995, we enrolled 788 gastric cancer patients and 1,007 apparently healthy controls. Since our study is an exploratory investigation, we selected 275 gastric cancer patients to form the case group. The process of selection is as follows: first, because of the small number of gastric cancer patients under 40 years of age, we selected the majority of them in this age group. Second, in consideration of sex and age distribution, we randomly selected the other patients in each 10-year age group. For each case subject, one control subject was selected at random and matched for case on sex and age( 2 years). Serum samples of cases and controls were collected in the same method and were frozen at -80 until analysis. Serum levels of MnSOD were determined by a commercially available enzymelinked immunosorbent assay (ELISA, Amersham,Pharmacia Biotech, NJ, USA) using the manufacturer's assay procedure. During measurement, serum samples were analyzed in randomly ordered duplicates in order to reduce systematic and interassay error. Sera were also analyzed for H. pylori immunoglobulin G antibodies by ELISA kits (J-HM-CAP, Kyowa Medex, Japan). The cut-off value for Helicobacter pylori infection was 2.7 ELISA value (EV). Additionally, serum pepsinogen was measured using radioimmunoassay (RIA), with pepsinogen I ≤ 70 ng/mL and pepsinogen I/II ≤ 3 indicating atrophy of gastric mucosa. All the assays were carried out and interpreted by individuals who were blinded to the case-control status of samples.
The differences in means between case subjects and control subjects were tested by t-test or Wilcoxon's rank sum tests. Differences in percentages were tested by Chi-square test. Serum MnSOD levels were categorize into quartiles on the basis of their distributions among the controls. Odds ratios (ORs) and 95% confidence intervals (CIs) from conditional logistic regression model were used to evaluate the strength of the association. The ORs were presented with the lowest quartile being the reference category, and were adjusted for potential confounding factors such as pack-year of smoking and H. pylori infection. To test for a linear trend across the quartiles, we coded each quartile as 0, 1, 2, and 3, between patients with early and advanced gastric cancer and the ORs were also similar for these two groups (data not shown). Additional prospective studies are needed to investigate the causal link between serum MnSOD and gastric cancer. The mechanisms linking serum MnSOD levels and gastric cancer risk are plausible but merit further exploration. First, epidemiologic studies have suggested that gastric cancer may be caused by reactive oxygen species and dietary antioxidant such as vitamin C may be protective against gastric cancer.
8, 9 The production of reactive oxygen species was increased in the mucosa of persons with H. pylori infection. 10 Infection with H. pylori was associated with an abundant inflammatory response, and could increase the susceptibility of epithelial cells to reactive oxygen species-associated cell injury. 11 Although we did not observe a significant association between H. pylori infection and serum than that in controls in that previous study. 6 We consider that the differences in the kit used, the characteristics of the study participants, and the condition of serum preservation may have contributed to the variation in serum MnSOD levels. However, in another study that compared serum MnSOD levels in patients with malignant melanoma to normal controls, the mean level was 126 34 ng/mL for 11 normal controls, which approximated the result of our study. 7 We found that people with serum levels of MnSOD in the highest quartile had a 1.5-fold increased risk of gastric cancer compared with those in the lowest quartile; however, the association was statistically insignificant. This finding should be interpreted cautiously as elevated serum MnSOD may be a result of the malignancy. However, we consider that this possibility was minimal since serum MnSOD levels did not differ significantly 11 Moreover, the generation of reactive oxygen species has been detected in various cells stimulated with growth factors and cytokines, including epidermial growth factor, 12 tumor necrosis factor-, 13 and interleukin 1, 14 which were also thought to cause the increased level of MnSOD. In another study, we have observed a significant increase in serum tumor necrosis factorlevels among patients with gastric cancer (data not shown). Thus, inflammation in the stomach may contribute to high levels of MnSOD. The increased serum MnSOD levels may be a host response to the increased production of reactive oxygen species, which may be derived from ingested food, inflammatory response or cigarette smoking.
Second, the important role of the oxidant-antioxidant balance has been suggested in cancer development. 1 MnSOD plays an essential role in the conversion of superoxide anion into hydrogen peroxide (H2O2) in the mitochondrial matrix, and catalase and GPx are also important enzymes which converts H2O2 to water and oxygen. Decreased catalase activity in tumor cells may lead to the accumulation of H2O2, which causes DNA damage and/or cell death. 15 High levels of MnSOD with decreased catalase may create an antiapoptotic intracellular environment which is especially susceptible to increased frequencies of mutation, a situation likely to lead to cell transformation and cancer. 16 These findings suggest that the disturbance in oxidant-antioxidant balance may promote gastric carcinogenesis.
In our study, no significant differences were noted in serum MnSOD levels between intestinal and diffuse type gastric cancer, and neither were noted between early and advanced gastric cancer. Serum MnSOD levels were also not significantly correlated with other clinicopathological findings. Although one earlier study has shown that a high carcinoma/normal mucosa MnSOD ratio in gastric cancer patients is significantly associated with a poor survival, 17 the results of our study indicated that serum MnSOD levels may not be useful in predicting the disease progression in gastric cancer patients.
One limitation of this study is that data were not available for gastric ulcers. Gastric ulcer, which may be initiated and aggravated by oxidative stress, is associated with the risk of gastric cancer. 18 The mechanism underlying the association between H. pylori infection, reactive oxygen species, gastric ulcer and gastric cancer are intriguing and will be an important subject for future investigations.
In conclusion, our study did not show that serum MnSOD levels are significantly associated with increased risk of gastric cancer, although a weak association may exist between them. Prospective studies are needed to establish the role of serum MnSOD in the development of gastric cancer.
